10/565845 
IAP9 Rec'd PCT/PTO 26 J AN aw 



DESCRIPTION 

APPARATUS AND METHOD FOR RADIO COMMUNICATI 



10 



15 



20 



25 



Technical Field 

[0001] The present invention relates to a radio 
communication apparatus and, radio communication method 
used for a digital radio communication system which 
employs a multicarrier scheme. 

Background Art 

[0002] in recent years, there are increasing demands for 
capacity and speed enhancement of radio communication, 
and researches on methods for improving effective 
utilization of limited frequency resources have been 
actively conducted. As one of the methods, a technique 
utilizing spatial areas is attracting attention. One 
such representative method is a technique whereby spatial 
orthogonality in propagation paths is utilized and 
different data sequences are transmitted using physical 
channels of the same code at the same time instant and 
at the same frequency. Examples of such a transmission 
technique include Space Division Multiple Access ( SDMA) 
(e.g., see Non-Patent Document 1) whereby different data 
sequences are transmitted to different mobile stations, 
and a Space Multiplexing (SM) (e.g., see Non-Patent 
Document 2) whereby different data are transmitted to 



the same mobile station. 

[0003] in the above described SM, an apparatus on the 
transmitting side transmits different data sequences from 
a plurality of antennas provided on the apparatus on the 
transmitting side at the same time instant, at the same 
frequency and using physical channels of the same code 
for each antenna, while an apparatus on the receiving 
side separates signals received through a plurality of 
antennas provided on the apparatus on the receiving side 
into different data sequences based on a channel matrix 
indicating a propagation path characteristic between the 
transmission/reception antennas (hereinafter referred 
to as " BLAST type") and thereby enables the efficiency 
of frequency utilization to be improved. When SM 
transmission is carried out, it is possible to expand 
the communication capacity in proportion to the number 
of antennas if the apparatus on the transmitting side 
and the apparatus on the receiving side are provided with 
the same number of antennas in an environment in which 
there are many scatterers between the apparatuses on the 
transmitting and receiving sides under a sufficient S/N 
(signal power to noise power ratio) . 

[0004] Furthermore, in realizing considerable increases 
in capacity and speed enhancement of radio communication, 
it is important to improve tolerance to multlpath or fading . 
A multicarrier transmission scheme is one approach to 
realize this and in particular an orthogonal frequency 



division multiplexing (OFDM) transmission scheme is 
adopted for terrestrial digital broadcasting and wideband 
radio access systems. 
' [0005] One example of a transmission scheme in which SM 
5 transmission is applied to this OFDM transmission is 
described in Non-Patent Document 3. Under this 
transmission scheme, when there is no multipath that 
exceeds the length of a guard interval, each subcarrier 
can be regarded as narrow band transmission, that is, 
10 flat fading transmission. For this reason, may examples 
have been reported where a channel matrix is calculated 
for each subcarrier and SM transmission is carried out 
based on the calculated channel matrix H. 
Non-patent Document 1: «A Study on a Channel Allocation 
15 scheme with an Adaptive Array in SDMA" , Ohgane, T., et 
al., IEEE 47th VTC , pp. 725-729, vol.2, 1997 
Non-patent Document 2 : "Layered Space-Time Architecture 
for Wireless Communication in a fading environment when 
using multi-element antennas", Foschini, G. J., Bell Labs 
20 Tech. J, pp. 41-59, Autumn 1996 

Non-Patent Document 3: »On the Capacity of OFDM-based 
Spatial Multiplexing Systems", IEEE Trans. 

Communications, vol.50, pp. 225-234, 2002 
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[0006] However, the conventional radio communication 
system needs to calculate a channel matrix for each 
subcarrier and set a transmission format such as a space 
multiplexing number to be used for space multiplexing, 
5 a modulation scheme . a M-ary modulation number and a coding 
rate for each subcarrier, and since the amount of 
processing increases as the number of subcarriers 
increases , burdens are imposed on a radio communication 
apparatus setting the transmission format and the scale 
10 of the apparatus is increased. 

[0007} It is an object of the present invent ion to provide 
a radio communication apparatus and radio communication 
method capable of reducing a burden when setting a 
transmission format and suppressing increases in the 
15 scale of the apparatus. 

Means for Solving the Problem 

[0008] The radio communication apparatus according to 
the present invention is a radio communication apparatus 

20 that carries out radio transmission by applying a 
multicarrier scheme to space multiplexing transmission, 
including a detection section that detects adaptability 
to space multiplexing transmission for each divided band 
obtained by dividing a communication band of multicarrier 

25 transmission and to which a plurality of subcarrier 
signals belong; and a setting section that sets a 
transmission format to be used to carry out radio 



transmission based on the adaptability detected for each 
divided band. 

[0009] The radio communication method according to the 
present invention is a radio communication method for 
a radio communication apparatus that carries out radio 
transmission by applying a multicarrier scheme to space 
multiplexing transmission, including a detection step 
of detecting adaptability to space multiplexing 
transmission for each divided band obtained by dividing 
a communication band of multicarrier transmission and 
to which a plurality of subcarrier signals belong; and 
a setting step of setting a transmission format used to 
carry out radio transmission based on the adaptability 
detected for each divided band. 



Advantageous Effect of the Invention 

[ 0 010 ] According to the present invention, it is possible 
to reduce a burden when setting a transmission format 
and suppress increases in the scale of the apparatus . 



Brief Description of Drawings 
[0011] 

FIG.l is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 1 
of the present invention; 

FIG. 2 illustrates a relationship between a divided 
band and subcarrier signal according to Embodiment 1 of 



the present invention; 

FIG. 3 is a block diagram showing main components 
of the configuration of a space multiplexing adaptability 
detection section according to Embodiment 1 of the present 
invention ; 

FIG. 4 illustrates an example of operation when the 
base station apparatus according to Embodiment 1 of the 
present invention carries out a radio communication with 
a mobile station apparatus; 

FIG. 5 is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 2 
of the present invention; 

FIG. 6 is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 3 
of the present invention; 

FIG. 7 illustrates an example of operation when the 
base station apparatus according to Embodiment 3 of the 
present invention carries out a radio communication with 
a mobile station apparatus; 

FIG.8A illustrates the frame configuration of an 
antenna-individuated pilot signal transmitted by means 
of time division multiplexing from the base station 
apparatus according to Embodiment 3 of the present 
invention ; 

FIG.8B illustrates the frame configuration of an 
antenna- individuated pilot signal transmitted by means 
of code division multiplexing from the base station 



apparatus according to Embodiment 3 of the present 
invention; 

FIG.8C illustrates the frame configuration of an 
antenna-individuated pilot signal transmitted by means 
5 of a combination of time division multiplexing and code 
division multiplexing from the base station apparatus 
according to Embodiment 3 of the present invention; 

* FIG. 9 is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 4 
10 of the present invention; 

FIG. 10 is a block diagram showing main components 
of the configuration of a space multiplexing adaptability 
detection section according to Embodiment 4 of the present 
invention; 

15 fig . 11 is a block diagram showing the configuration 

of a base station apparatus according to Embodiment 5 
of the present invention; and 

FIG. 12 illustrates a relationship between divided 
bands and subcarrier signals according to Embodiment 5 

20 of the present invention. 

Best Mode for Carrying Out the Invention 
[0012] Now , embodiments of the present invention will 
be explained in detail with reference to the attached 
25 drawings. All the following embodiments will explain 
cases where a transmission format is set in a transmission 
signal from a base station apparatus to a mobile station 



appa 



ratus (hereinafter referred to as "downlink"). 



[0013] (Embodiment 1) 

FIG.l is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 1 
of the present invention. This embodiment will explain 
a case with a radio communication system based on a TDD 
(Time Division Duplex) scheme. Furthermore, this 
embodiment will explain a case where space multiplexing 
adaptability is detected based on a reception result at 
the base station apparatus of a transmission signal from 
a mobile station apparatus to the base station apparatus 
(hereinafter referred to as "uplink") as an example. 
[0014] Base station apparatus 100 shown in FIG.l includes 
Na antennas 102-1 to 102-Na, Na duplexers 104-1 to 104-Na. 
Na reception system antenna element sections 106-1 to 
106-Na, space multiplexing adaptability detection 
section 108, transmission format setting section 110, 
transmission format formation section 112, Na 
serial/parallel conversion (S/P) sections 114-1 to 114-Na 
and Na transmission system antenna element sections 116-1 
to 116-Na. 

[0015] Furthermore, reception system antenna element 
sections 106-1 to 106-Na include separators 120-1 to 
120-Na respectively. Transmission format formation 
section 112 includes coding section 122, modulation 
section 124 and space multiplexing section 126. 
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Transmission system antenna element sections 116-1 to 
116-Na include mixers 128-1 to 128-Na respectively. 
[0016] Furthermore, SM-capable mobi le station apparatus 
150 that carries out a radio communication with base 
5 station apparatus 100 includes Nr antennas 152-1 to 
152-Nr . 

[0017] Antennas 102-1 to 102-Na are antennas in common 
with transmission and reception systems. Duplexers 
104-1 to 104-Na output high-frequency signals S-l to S-Na 
10 received through antennas 102-1 to 102-Na to separators 
120-1 to 120-Na and wirelessly transmits high-frequency 
signals S-l to S-Na input from mixers 128-1 to 128-Na 
via antennas 102-1 to 102-Na. 

[0018] Separator 120-k <k = 1 to Na) applies processing 
15 such as high-frequency amplification and frequency 
conversion to high-frequency signal S-k input from 
duplexer 104-k, then demultiplexes the signal into Ns 
subcarrier signals f x-k to f Ns -k and outputs the subcarrier 
signals to space multiplexing adaptability detection 

20 section 108 . 

[0019] Space multiplexing adaptability detection 
section 108 detects space multiplexing adaptability , that 
is, adaptability to space multiplexing transmission for 
each of Nd divided bands DB-1 to DB-Nd obtained by dividing 

25 a communication band to which Ns subcarrier signals f !-k 
to f NS -k belong into Nd portions (Nd is a natural number: 
Ns>Nd^D and outputs detection results #1 to #Nd to 



transmission format setting section 110. 
[0020] The number of subcarrier signals which belong to 
respective divided bands DB-1 to DB-Nd need not always 
be equal, but it is assumed that, in this embodiment 
explained below, Nc (Nc=Ns/Nd) subcarrier signals 
uni f ormly belong to respective divided bands DB-1 to DB-Nd 
The relationship between the divided bands and subcarrier 
signals is as shown in FIG. 2 and Nc subcarrier signals 
exist in divided bands . On the other hand, when the number 
of subcarrier signals which belong to the respective 
divided bands are different, the number of subcarrier 
signals which belong to the mth divided band DB-k is 
expressed as Nc(m) and satisfies the relationship in 
following (Equation 1) . 

Nd 

Ns = ^Afc(m) [ Equation 1 ] 

m=l' 

[0021] Here, the internal configuration of space 
multiplexing adaptability detection section 108 will be 
explained using FIG. 3 . Space multiplexing adaptability 
detection section 108 includes Nd divided band processing 
sections 156-1 to 156-Nd corresponding to divided band 
DB-m (m=l to Nd). However, FIG. 3 only shows the 
configuration of divided band processing section 156-1 
that performs processing on divided band DB-1 for 
convenience of explanation. The configurations of the 
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remaining divided band processing sections 156-2 to 
156-Nd are similar to the configuration of divided band 
processing section 156-1, and therefore explanations 
thereof will be omitted. FIG. 3 takes a case where the 
number of subcarrier signals which belong to one divided 
band is 2 for example and subcarrier signals fx-k, f 2 -k 
belong to divided band DB-1. 

[0022] Divided band processing section 156-m includes 
replica generation section 160 that generates replicas 
of pilot signals which are known signals embedded in their 
respective subcarrier signals f n (m)-l to f n <m)-Na, 
correlation calculation sections 170-n-l to 170-n-Na (n 
= 1 to NO that calculate correlation values between 
reception pilot symbols, which are included in the 
respective subcarrier signals f„ (m) -l to f n <m>-Na, and 
generated replicas, correlation matrix generation 
section 180 that generates a correlation matrix based 
on the calculated correlation values, and adaptability 
evaluation function calculation section 190 that 
calculates an adaptability evaluation function for 
evaluating adaptability to space multiplexing 
transmission based on the correlation matrix generated. 
Here, n(m) denotes a subcarrier signal number which 
belongs to divided band DB-m. 
25 [0023] Note that divided band processing section 156-m 
neednotuseall subcarrier signals f„ (m ,-l to f„ (m )-Na which 
belong to divided band DB-m. For example, it is possible 
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to puncture some of subcarrier signal f n (m)-l to f n (m)-Na 
and then carry out processing on divided band DB-m. When 
the subcarrier signals are punctured, it is difficult 
to improve the detection accuracy of adaptability to space 
multiplexing transmission but it is possible to obtain 
the effect of reducing the amount of processing 
calculation . 

[0024] Correlation calculation section 170-n-k carries 
out correlation calculations to calculate correlation 
values between the generated replicas and the reception 
pilot symbols included in subcarrier signals f n ( m )-l to 
fn(m)-Na. Assuming here that a pilot signal is r(s) (s 
= 1 to Np, Np is the number of pilot signal symbols), 
correlation calculation section 170-n-k calculates 
correlation value h njc by carrying out a correlation 
calculation shown in (Equation 2), where No denotes an 
oversampling number corresponding to a symbol and 
denotes a complex conjugate transposition operator. 

1 Np 

h nk =—T<fn-k(to+Mo{s-\))r\s) [Equation 2] 

[0025] Correlation matrix generation section 180 
generates correlation matrix R shown in (Equation 4) using 
a column vector , that is , correlation vector Vn calculated 
for subcarriers according to (Equation 3) based on 
calculated correlation value h nk , where n = 1 to Nc , k 
= 1 to Na, T denotes a vector transposition operator and 
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H denotes a complex conjugate transposition operator. 



[0026] That is, when correlation matrix R is generated, 
as shown iii (Equation 4) above, correlation matrix (VnVn H ) 
(hereinafter referred to as u auto-correlation" ) is 
calculated from correlation vector Vn . Furthermore, 
correlation matrix R is obtained by integrating 
auto-correlations. In this embodiment, the 

auto-correlations are integrated by summing up the 
auto-correlations associated with the respective 
subcarrier signals. By so doing, it is possible to 
emphasize components corresponding to subcarrier signals 
in higher quality reception states more and improve the 
accuracy of setting a transmission format. 
[0027] Adaptability evaluation function calculation 
section 190 performs eigenvalue expansion of generated 
correlation matrix R and determines Na eigenvalues X k . 
Furthermore, calculated eigenvalues Xk are sorted in 
descending order and subscripts are assigned from the 
maximum eigenvalue. Adaptability evaluation function 
values A and B shown in (Equation 5) and (Equation 6) 
are generated and detection results #m including them 
are output as space multiplexing adaptability of divided 



K.Naf [Equation 3] 



R 




TrlX^" [Equation 4] 



13 



band DB-m. Obtaining space multiplexing adaptability 
including a plurality of function values from calculated 
eigenvalue A* makes it possible to provide a plurality 
of indices to decide whether or not they are suitable 
for space multiplexing and improve the decision accuracy 
compared to a case where a decision is made using only 
one index. Here, adaptability evaluation function value 
A shows a signal to noise ratio (SNR) of a received signal 
from mobile station apparatus 150. Furthermore, 
adaptability evaluation function value B is one measure 
to evaluate a spatial spread. Note that since correlation 
matrix R is a Hermitean matrix, its eigenvalues are real 
numbers . 

^(^,^2,^) = ^- [Equation 5] 

^.^A) a T" T* 2 [Equation 6] 

[0028] Transmission format setting section 110 sets a 
transmission format in a communication band based on 
adaptability evaluation function values A, B included 
in each detection result #m . 

[0029] More specifically, transmission format setting 
section 110 compares adaptability evaluation function 
values A, B of each divided band DB-m with predetermined 
numbers respectively. As a result of this comparison, 
if both adaptability evaluation function values A and 
B are greater than the predetermined numbers , it is decided 
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that the level of the received signal is high and the 
spatial spread is large, that is, it is decided to be 
suitable for space multiplexing transmission and a 
transmission format is set such that space multiplexing 
transmission is performed on the downlink. On the other 
hand, when any one of adaptability evaluation function 
values A and B is equal to or falls below the predetermined 
value, it is decided that the SNR is low or spatial spread 
is small and it is not suitable for space multiplexing 
transmission and a transmission format (space 
multiplexing number = 1) is set such that space 
multiplexing transmission is not performed on the 
downlink and transmission with directivity is performed 
on one channel . 

[0030] A transmission format is set by determining the 
space multiplexing number of a communication band, 
modulation scheme, coding rate and weighting factor for 
transmission/reception (hereinafter referred to as 
"transmission/reception weight"). When the space 
multiplexing number of the communication band is 
calculated, transmission format setting section 110 
calculates a distribution of the space multiplexing 
numbers corresponding to divided bands DB-m and 
designates a space multiplexing number which accounts 
for the largest portion as the space multiplexing number 
of the communication band. 

[0031] Furthermore , transmiss ion format setting section 
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110 generates a transmission format control signal for 
reporting the set transmission format and outputs the 
signal to transmission format formation section 112. 
[0032] Transmission format setting section 110 may also 
carry out processing of adaptively changing and setting 
a M-ary modulation number (modulation scheme) at 
modulation section 124 and a coding rate at coding section 
122 in accordance with adaptability evaluation function 
value A. For example, since adaptability evaluation 
function value A indicates an SNR of the received signal, 
transmission format setting section 110 decreases the 
coding rate at coding section 122 and increases the M-ary 
modulation number at modulation section 124 as the channel 
quality increases. The set M-ary modulation number 
(modulation scheme) and coding rate are reported as a 
transmission format control signal to transmission format 
formation section 112 together with the space 
multiplexing number. 

[0033] Furthermore, the predetermined number used for 
the comparison with adaptability evaluation function 
value B may be changed in conjunction with adaptability 
evaluation function value A. In this case, for example, 
it might be considered that the predetermined number used 
for the comparison with adaptability evaluation function 
value B may be decreased as adaptability evaluation 
function value A increases. By so doing, it is possible 
to adaptively control the transmission format setting 
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based on the spatial spread according to the reception 
quality ( SNR in this embodiment) . 

[0034] Coding section 122 codes a transmission data 
sequence based on the coding rate indicated in the 

5 transmission format control signal. 

[0035] Modulation section 124 modulates the coded 
transmission data sequence based on the M-ary modulation 
number (modulation scheme) indicated in the transmission 
format control signal. 

10 [0036] Space multiplexing section 126 divides the 
modulated transmission data sequence into the same number 
of portions as the space multiplexing number indicated 
in the transmission format control signal, multiplies 
each divided transmission data sequence by a transmission 

15 weight and outputs the multiplication results to S/P 
sections 114-1 to 114-Na. 

[0037] S/P sections 114-1 to 114-Na convert in a 
serial-to-parallel manner the transmission data sequence 
input from space multiplexing section 126, whereby the 

20 transmission data sequence becomes a multicarrier signal 
converted to data sequences in a one-to-one 
correspondence with subcarrier signals. Mixer s 12 8 - 1 to 
128-Na mix the multicarrier signals input from S/P 
sections 114-1 to 114-Na and output the mixed signals 

25 to duplexers 104-1 to 104-Na. 

[0038] Next, the operation of base station apparatus 100 
having the above described configuration when wirelessly 

17 



communicating with mobile station apparatus 150 will be 
explained. FIG. 4 illustrates an example of operation 
when base station apparatus 100 wirelessly communicates 
withmobilestationapparatuslBO. Here, a procedure wi 1 1 
be explained in a space multiplexing transmission mode 
in a case of transiting from a normal transmission mode 
in which a transmission format for space multiplexing 
transmission is not used . to a space multiplexing 
transmission mode in which the transmission format for 
space multiplexing transmission is used. 
[0039] First, after frame synchronization and symbol 
synchronization are established, mobile station 
apparatus 150 transmits antenna- individuated pilot 
signals for space multiplexing transmission by means of 
time division or code division from antennas 152-1 to 
152-Nr (SHOO) . 

[0040] Correlation calculation section 170-n-k of base 
station apparatus 100 carries out channel estimation, 
that is, estimates NrxNa channel estimation values h ( j , 
k) (S1200) , using the received antenna-individuated pilot 
signals. Here, j = 1 to Nr. Next, adaptability 
evaluation function calculation section 190 estimates 
reception quality of antennas 102-1 to 102-Na for each 
mobile station apparatus (S1300) . 

[0041] Transmission format setting section 110 performs 
singular value decomposition to channel matrix H in which 
channel estimation value h < j , k) is expressed with a matrix 
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as shown in (Equation 7) . Right singular value vectors 
corresponding to Nm singular values Aj in descending order 
are designated as transmission weights (transmission 
weight vectors) for base station apparatus 100, and left 
singular value vectors corresponding to singular values 
Xj are designated as reception weights (reception weight 
vectors ) at mobile station apparatus 15 0 . Nm is a natural 
number that satisfies l^Nm<min ( Nr , Na) , This makes it 
possible to perform Nm space multiplexing transmissions . 
The above described operation is carried out for each 
of the subcarrier signals . The reception weights 
obtained are reported to mobile station apparatus 150 
(S1400 ) . 

" *(U) h(l 9 2) ... h(l,N a ) 



H = 



A(2,l) h(2 9 2) ... h(2 9 N a ) 
h(N r9 l) h(N r9 2) h (N r9 N a ) 



[Equation 7 ] 



[0042] Mobile station apparatus 150 carries out 
processing corresponding to reception of data channels 
(user channels ) of individual users based on the reception 
weights (S1500) . Base station apparatus 100 then starts 
transmission of dedicated user channels based on the 
transmission weights (S1600 ) andmobile station apparatus 
150 starts reception of the dedicated user channels 
(S1700) . The above - de s cribed operation makes possible 
to perform space multiplexing transmission in accordance 
with the detection results of space multiplexing 
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adaptability . 

[0043] Thus, this embodiment takes advantage of a high 
spatial spectrum correlation between adjacent subcarrier 
signals, divides a communication band into a plurality 
of divided bands DB-1 to DB-Nd, combines correlation 
vectors Vn obtained from subcarrier signals which belong 
to respective divided bands DB-1 to DB-Nd to generate 
correlation matrix R, detects space multiplexing 
adaptability for each of the divided bands using generated 
correlation matrix R, and therefore, it is possible to 
detect a spatial spread of an average arriving path of 
subcarrier signals which belong to each of the respective 
divided bands. Therefore, by appropriately setting 
bandwidths of the divided bands and detecting space 
multiplexing adaptability for each of the divided bands, 
it is possible to reduce the amount of processing 
calculation compared to the detection of space 
multiplexing adaptability conducted for each of the 
subcarrier signals and suppress increases in the scale 
of the apparatus. This embodiment sets the transmission 
format of communication bands at one time, and therefore, 
it is possible to drastically reduce the amount of 
processing calculation compared to setting a transmission 
format for each of the subcarrier signals. 
[0044] That is, this embodiment obtains an average 
spatial spread characteristic of an arriving path of a 
group of subcarrier signals which belong to each of the 
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divided bands, and therefore , it is possible to introduce 
an evaluation index for evaluating the spatial 
characteristic of the group of subcarrier signals into 
space multiplexing transmission control. Since this 
evaluation index does not exist in the conventional 
technique, the conventional technique has no other choice 
but to set a transmission format for each of the subcarrier 
signals. Therefore, in a conventional art, a 

transmission format could be erroneously set when more 
errors occur in calculations of correlation values of 
subcarrier signals whose levels are dropped as a result 
of occurrence of a notch (level drop) in a specific band 
in the communication band depending on the propagation 
environment. On the contrary, according to this 
embodiment, it is possible to set a transmission format 
in a unit of group of subcarrier signals by introducing 
the evaluation index and thereby prevent erroneous 
settings in the aforementioned case. 

[0045] Furthermore, this embodiment allows switching to 
a space multiplexing transmission mode only when the state 
of a propagation path is decided to be suitable for space 
multiplexing transmission, and can thereby prevent drops 
in the effective transmission rate due to insertion of 
unnecessary pilot signals in a propagation path 
unsuitable for space multiplexing transmission, and 
prevent increases in power consumption due to unnecessary 
calculation processing. 
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[0046] The configuration of base station apparatus 100 
is not limited to the above described one. For example, 
a configuration with which divided bands are changed 
adaptively in accordance with a propagation environment 
may be added to the above described configuration. For 
example, a configuration with which divided bands are 
changed based on a correlation bandwidth (coherent 
bandwidth) may be adopted. This configuration can 
provide an optimum tradeoff between the accuracy of 
transmission format setting and the amount of 
calculation . 

[0047] Furthermore, the configuration of space 

multiplexing adaptability detection section 108 is not 
limited to the above described one. For example, a 
configuration calculating evaluation values on the 
mobility of mobile station apparatus 150 including an 
estimated moving speed and Doppler frequency estimate 
of mobile station apparatus 150 may be added to the above 
described configuration. In this case, since a delay is 
produced due to SM assignment processing, when mobile 
station apparatus 150 is in a state of a predetermined 
or higher mobility, a transmission format that prevents 
SM transmission is set to mobile station apparatus 150. 
This stabilizes space multiplexing transmission. 
[0048] Furthermore, this embodiment explained the case 
where the radio communication apparatus of the present 
invention is applied to base station apparatus 100 and 
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explained the setting of a transmission format on a 
downlink, but it is also possible to apply the radio 
communication apparatus of the present invention to 
mobile station apparatus 150 and thereby enable to set 
a transmission format on an uplink. 

[0049] Furthermore, adaptability evaluation function 
values A, B are not limited to the above described ones. 
In addition, as adaptability evaluation function value 
A, it is also possible to use power of a received signal 

(RSSI: Received Signal Strength Indicator), use an 
average signal level of a received pilot signal or use 
an SNR in which S is the average signal level of a received 
pilot signal and N is a distribution situation of 
instantaneous pilot received signals. Furthermore, 
adaptability evaluation function value B may also be 
calculated based on the spread of an angle spectrum used 
to estimate a direction of arrival of paths . In this case, 
by conveniently performing variable sweeping of 0 that 
means the direction of arrival of paths in angle spectrum 
evaluation function F(0) as shown in (Equation 8) and 
calculating a spectral spread in a direction of a peak 
of the angle spectrum, it is possible to obtain 
adaptability evaluation function value B. Here, a(0) 
indicates direction vectors of antennas 102-1 to 102-Na 
and can be expressed as shown in (Equation 9 ) when antennas 
102-1 to 102-Na form an equi-distant rectilinear array. 
Furthermore, d denotes an antenna interval and A denotes 
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a wavelength in a carrier frequency band. 



F(0) = 



a(0) H Ra(0) [Equation 8] 



a(0) = 



1 

exp{- jl7vd • 1 • sin 01 A) 



[ Equation 9 ] 



exp{- j 2nd - (Na - 1) • sin G I X\ 



[0050] Here, a Fourier method is used, but it is also 
possible to use an angle spectrum according to an 
eigenvalue decomposition technique such as a well-known 
MUSIC method and ESPRIT method or a high resolution 
technique for estimation of direction of arrival of path, 
such as Capon method including inverse matrix calculation 
of a correlation matrix. 

[0051] Furthermore, a space smoothing technique may be 
applied to correlation matrix R to suppress a correlated 
wave. However, when the number of subcarrier signals 
which belong to each of the divided bands is smaller than 
the number of antennas , the number of ranks of correlation 
matrix R which is the output of correlation matrix 
generation section 180 may not become full. For this 
reason, it is necessary to conveniently select a direction 
estimation algorithm according to the number of 
subcarrier signals which belong to each of the divided 
bands or according to the sum of the number of subcarrier 
signals and the number of paths. Furthermore, when the 
configuration of antennas 102-1 to 102-Na is an 
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equi-distant rectilinear array arrangement, it is also 
possible to apply space smoothing processing to 
correlation matrix R obtained at correlation matrix 
generation section 180 or apply processing of estimating 
the direction of arrival using a beam space which is 
multiplied by a unitary conversion matrix and whose 
directional vectors are thus transformed to real numbers . 
[0052] Correlation matrix generation section 180 may 
generate correlation vector z shown in ( Equation 10 ) below 
instead of correlation matrix R shown in (Equation 4) 
above. In this case, adaptability evaluation function 
calculation function 190 calculates adaptability 
evaluation function value A(z) shown in (Equation 11) 
below instead of adaptability evaluation function value 
A shown in (Equation 5) above and calculates adaptability 
evaluation function value B(z) shown in (Equation 12) 
below instead of adaptability evaluation function value 
B shown in (Equation 6) above. 



z = — 5X,X [Equation 10] 



A(z) = 



z, 



[Equation 11] 
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B(z) = [Equation 12 ] 

1*2 I 



[0053] That is, SNR evaluation (=S/N) i s per formed us ing 
pilot signal r(s) transmitted from mobile station 
apparatus 150 first. In this evaluation, adaptability 
evaluation function value A(z) shown in (Equation 11) 
is used. Here, z k denotes a kth element in correlation 
vector z shown in ( Equation 10 ) . The correlation between 
the signals received at antennas 102-1 to 102-Na using 
correlation vector z is evaluated by calculating 
adaptability evaluation function value B(z) shown in 

( Equation 12 ) . 

[0054] Furthermore, this embodiment explained the 
configuration in which correlation matrix R is generated 
using known pilot signals with a combination of replica 
generation section 160, correlation calculation section 
170-n-k and correlation matrix generation section 180 
in FIG. 3, but the internal configuration of space 
multiplexing adaptability detection section 108 is not 
limited to this. For example , it is also possible to apply 
a technique of calculating a correlation matrix without 
using any pilot signals. In this case, it is possible 
to calculate a correlation matrix by calculating a 
correlation value between different branches in the array 
antenna. The element (j, k) of correlation matrix Rb 
calculated here can be expressed by (Equation 13) below. 
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Nb is the predetermined number of pieces of sample data. 
This technique requires no pilot signals, and can thereby 
suppress a decrease in the transmission efficiency caused 
by insertion of pilot signals. Furthermore, similar 
processing is also applicable to correlation vector z. 

i Nb 

0* = 77T Z /--/(') A-* (0 [Equation 13] 



[0055] Furthermore, in this embodiment, the subcarrier 
signals transmitted as the multicarrier signals may also 
be subcarrier s ignal s which have been sub j ec ted to 
orthogonal frequency division multiplexing. In this 
case, frequencies at which subcarrier signals are 
orthogonal to one another within an OFDM symbol period 
are selected and used. Furthermore, this embodiment is 
also applicable to an MC-CDMA (Mul t iCarrier - Code 
Division Multiple Access) scheme in which transmission 
signals are code division multiplexed in the frequency 
axis direction. In this case, it is possible to realize 
operations and effects similar to those described above 
by calculating the correlation value of each subcarrier 
signal for each user using a pilot signal embedded in 
the subcarrier signal and multiplexed for individual 
user. 

[005 6] (Embodiment 2) 

FIG. 5 is a block diagram showing the configuration 
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of a base station apparatus according to Embodiment 2 
of the present invention. The base station apparatus 
according to this embodiment has the basic configuration 
similar to that of the base station apparatus explained 
in Embodiment 1 and the same components are assigned the 
same reference numeral s and detailed explanations thereof 
will be omitted. 

[0057] The base station apparatus 200 shown in FIG. 5 
includes Nd transmission format formation sections 112-1 
to 112-Nd having the same internal configurations as that 
of transmission format formation section 112 explained 
in Embodiment 1, Ndsetsof S/Psections 114-1-1 to 114-1-Na, 

114-Nd-Na having the same internal configurations as 
those of S/P sections 114-1 to 114-Na explained in 
Embodiment 1, transmission format setting section 202 
instead of transmission format setting section 110 
explained in Embodiment 1 and S/P section 204 that 
serial /parallel-converts a transmission data sequence 
to Nd data sequences . 

[0058] A feature of the base station apparatus 200 of 
this embodiment is to set a transmission format of each 
divided band as opposed to base station apparatus 100 
of Embodiment 1 that sets a transmission format of the 
communication band . 

[0059] Transmission format setting section 202 sets a 
transmission format for divided bands based on 
adaptability evaluation function values A and B included 
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in detection results #m. 

[0060] More specifically, transmission format setting 
section 202 compares adaptability evaluation function 
values A and B of divided bands DB-m with their respective 
predetermined numbers. As a result of this comparison, 
when both adaptability evaluation function values A, B 
are greater than the predetermined numbers, it is decided 
that the level of a received signal is high and the spatial 
spread is large. In other word, it is decided to be 
suitable for space multiplexing transmission and a 
transmission format is set such that space multiplexing 
transmission is performed on a downlink. On the other 
hand, when any one of adaptability evaluation function 
value A, B is equal to or falls below the predetermined 
value, it is decided that the SNR is low or the spatial 
spread is small and it is decided not to be suitable for 
space multiplexing transmission and a transmission format 

(space multiplexing number = 1) is set such that 
transmission with directivity is performed on one channel 
without carrying out space multiplexing transmission on 
the downlink. 

[0061] The transmission format is set by calculating a 
space mult iplexing number , modulation scheme , codingrate 
and transmission/reception weight for each of the divided 
bands . 

[0062 ] Furthermore , transmission format setting section 
202 generates a transmission format control signal for 
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reporting the transmission format set for each divided 
band and outputs the transmission format control signal 
to transmission format formation sections 112-1 to 
112-Nd. 

[0063] Note that transmission format setting section 202 
may also carry out processing of adaptively changing and 
setting the M-ary modulation number (modulation scheme) 
in modulation sections 124-1 to 124-Nd and coding rates 
in coding sections 122-1 to 122-Nd in accordance with 
adaptability evaluation function value A. For example, 
since adaptability evaluation function value A indicates 
an SNR of a received signal, transmission format setting 
section 202 decreases the coding rates at coding sections 
122-1 to 122-Nd or increases the M-ary modulation number 
at modulation sections 124-1 to 124-Nd, as the channel 
quality improves. The set M-ary modulation number 

(modulation scheme) and coding rate are reported to 
transmission format formation sections 112-1 to 112-Nd 
as the transmission format control signal together with 
the space multiplexing number. 

[0064] Furthermore, the predetermined number used for 
a comparison with adaptability evaluation function value 
B may also be changed in conjunction with adaptability 
evaluation function value A. In this case, this 
embodiment may be adapted in such a way that the 
predetermined number to be used for the comparison with 
adaptability evaluation function value B is decreased 
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as adaptability evaluation function value A increases. 
[0065] As opposed to transmission format formation 
section 112 explained in Embodiment 1 that forms the 
transmission format of the communication band, 
transmission format formation sections 112-1 to 112-Nd 
form a transmission format for each divided band and output 
a transmission data sequence space-multiplexed (or not 
space-multiplexed) for each divided band to mixers 128-1 
to 128-Na via the corresponding S/P sections. 
[0066] Thus, this embodiment takes advantage of the fact 
that the correlation in the spatial spectrum between 
adjacent subcarrier signals is high, divides the 
communication band into a plurality of divided bands DB-1 
to DB-Nd, combines correlation vectors Vn obtained from 
each subcarrier signal whichbelongs to each of the divided 
bands DB-1 to DB-Nd to generate correlation matrix R, 
detects space multiplexing adaptability for each of the 
divided bands using generated correlation matrix R, and 
therefore, it is possible to detect a spatial spread of 
average arriving paths of subcarrier signals which belong 
to each divided band. Therefore, by appropriately 
setting the bandwidths of the divided bands and detecting 
space multiplexing adaptability for each of the divided 
bands, it is possible to reduce the amount of processing 
calculation compared to the detection of space 
multiplexing adaptability carried out for each of the 
subcarrier signals and suppress increases in the scale 
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of the apparatus. Since a transmission format is set for 
each of the divided bands in this embodiment , it is possible 
not only to reduce the amount of processing calculation 
but also to set an optimum transmission format for each 
divided band . 

[ 0 067 ] This embodiment explained the case where the radio 
communication apparatus of the present invention i s 
applied to base station apparatus 200 and explained the 
setting of the transmission format on the downlink, but 
it is also possible to apply the radio communication 
apparatus of the present invention to the mobile station 
apparatus side and thereby set a transmission format on 
the uplink. 

[0068] Furthermore, this embodiment can also apply a 
technique of calculating a correlation matrix without 
using pilot signals as explained using (Equation 13) in 
Embodiment 1 . 

[0069] (Embodiment 3) 

FIG. 6 is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 3 
of the present invention. The base station apparatus 
according to this embodiment has the basic configuration 
similar to that of base station apparatus 100 explained 
in Embodiment 1 and the same components are assigned the 
same reference numerals and explanations thereof will 
be omitted. Furthermore, this embodiment will explain 
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a case with a radio communication system under an FDD 
(Frequency Division Duplex) scheme. 

[0070] The base station apparatus 300 shown in FIG. 6 
includes space multiplexing adaptability detection 
section 302 instead of space multiplexing adaptability 
detection section 108 explained in Embodiment 1. 
[0071] Furthermore, SM-based mobile station apparatus 
350 that communicates with base station apparatus 300 
by radio includes Nr antennas 352-1 to 352-Nr. 
[0072] A feature of base station apparatus 300 of this 
embodiment is to detect space multiplexing adaptability 
based on feedback information from a mobile station 
apparatus as opposed to Embodiment 1 in which space 
multiplexing adaptability is detected based on a result 
of reception of an uplink signal at the base station 
apparatus . 

[0073] Space multiplexing adaptability detection 
section 302 extracts feedback information from a signal 
received from the mobile station apparatus 350. The 
feedback information is information including a channel 
estimation value calculated by mobile station apparatus 
3 5 0 us ing antenna - individuated pilot signals and measured 
reception quality . 

[0074] Furthermore, space multiplexing adaptability 
detection section 302 generates detection results #1 to 
#Nd for the respective divided bands using the extracted 
feedback information and outputs the detection results 
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to transmission format setting section 110. 
[0075] It is also possible to provide space multiplexing 
adaptability detection section 302 in mobile station 
apparatus 350 so that detection results #1 to #Nd for 
the respective divided bands are generated in the mobile 
station apparatus side and the results may be used as 
feedback information to the base station apparatus side. 
Or it is also possible to provide space multiplexing 
adaptability detection section 302 and transmission 
format setting section 110 in mobile station apparatus 
350 so that detection results #1 to #Nd for the respective 
divided bands are generated in the mobile station 
apparatus and the setting results by transmission format 
setting section 110 may be used as feedback information 
to the base station apparatus side. Thus, by modifying 
the apparatus configuration on the mobile station 
apparatus side, it is possible to reduce the amount of 
feedback information and increase the efficiency of 
frequency utilization . 

[ 0 07 6 ] Next , the operation of base station apparatus 300 
in the above described configuration that wirelessly 
communicates with mobile station apparatus 350 will be 
explained . FIG. 7 illustrates an example of the operation 
when base station apparatus 300 wirelessly communicates 
wi th mobi le station apparatus 350. Here, a procedure wi 1 1 
be explained in a space multiplexing transmission mode 
in a case of transiting from a normal transmission mode 
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in which a transmission format for space multiplexing 
transmission is not used to a space multiplexing 
transmissionmode in which a transmission format for space 
multiplexing transmission is used. 

[0077] First, after frame synchronization and symbol 
synchronization are established, base station apparatus 
300 transmits antenna- individuated pilot signals for 
space multiplexing transmission from the respective 
antennas 102-1 to 0.2-Na (S3100). An 

antenna-individuated pilot signal is made up of a 
predetermined number of symbols Np . 

[0078] Here, antenna- individuated pilot signals 

transmitted will be explained with reference to the 
accompanying drawings. FIG.8A, FIG.8B and FIG.8C show 
frame configurations of antenna- individuated pilot 
signals. For example, as shown in FIG.8A, an 

antenna-individuated pilot signal AP k having the same 
pattern or patterns orthogonal to each other (e.g., PN 
signal) may be transmitted by means of time division 
multiplexing whereby a transmission timing is shifted 
from one antenna to another. Furthermore, as shown in 
FIG.8B, antenna-individuated pilot signal AP k may be 
transmitted by means of code division multiplexing. In 
this case, antenna-individuated pilot signal AP k has 
patterns orthogonal to one another among the antennas. 
[0079] Furthermore, as shown in FIG.8C, 

antenna-individuated pilot signal AP k may also be 
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transmitted by means of a combination of time division 
multiplexing and code division multiplexing. That is, 
in this case, patterns orthogonal to one another are used 
for antenna-individuated pilot signals (e.g., AP X and AP 2 
in FIG.8C) which share a time division slot of the same 
time instant are used. By transmitting 

antenna-individuated pilot signals by means of the 
combination of time division multiplexing and code 
division multiplexing, it is possible to reduce overhead 
of time division transmission in a case of the number 
of antennas Na of base station apparatus 300 being large, 
which alleviates a reduction of orthogonality in a 
propagation path during code division multiplexing. 
[0080] When the number of antennas Na is sufficiently 
large or the space multiplexing number in SM is limited 
to a value smaller than the number of antennas Na , it 
is not necessary to use all Na transmission systems . For 
example, it is also possible to transmit 
antenna-individuated pilot signals from several ones of 
antennas 102-1 to 102-Na. 

[0081] Mobile station apparatus 350 separates and 
receives antenna- individuated pilot symbol AP k (t) 
included in antenna- individuated pi lot signal AP k through 
antennas 350-1 to 350-Nr (t = 1 to Np) . Mobile station 
apparatus 350 then performs channel estimation using 
separately received antenna-individuated pilot symbol 
AP k (t) (S3200) . 
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[0082] More specifically, mobile station apparatus 350 
carries out a correlation calculation between reception 
result r j , k(t) of antenna-individuated pilot symbol 
AP k (t) at antenna 350-j (j = 1 to Nr) of mobile station 
apparatus 350 and replica AP k ( t ) of the 
ant enna- individuated pilot signal generated inside of 
mobile station apparatus 350 and thereby calculates 
channel estimation value h ( j , k) as shown in (Equation 
14). That is, NaxNr channel estimation values h ( j , k) 
are calculated. «*" denotes a complex conjugate 
transposition operator . 

Np 

hU,k) = Y*AP*(t)r hk (t) [Equation 14] 

t=\ 

[0083] At this time , it is also possible to save reception 
result r-j, k ( t ) a plurality of times and apply averaging 
processing to the plurality of saved reception results 
r j , k(t) . In this case, when the moving speed of mobile 
station apparatus 350 is sufficiently small, it is 
possible to reduce the influence of noise and improve 
the accuracy of channel estimation. 

[0084] Mobile station apparatus 350 then estimates 
reception quality P ( j , k) of antennas - individuated pilot 
signals and antennas of mobile station apparatus 350 

(S3300). Here, received signal power, SIR (signal to 
noise ratio) and SNR or the like may be used as reception 
quality, but a case will be explained where SNR is used 
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as an example. When signal power is assumed to be S ( j , 
k)=|h(j, k)| 2 /Np and noise power is calculated using 
(Equation 15) below, it is possible to estimate reception 
quality P ( j , k) by calculating S ( j , k)/N(j, k). 

N(j\k) = ^ r f^\r Jk (t)-S (j 9 k)\ 2 [Equation 15] 



[0085] Mobile station apparatus 350 then transmits 
calculated channel estimation value h ( j , k) and reception 
quality P ( j , k) to base station apparatus 300 (S3400). 
With regard to the reception quality, instead of 
transmitting NaxNr reception quality P ( j , k) values, it 
is also possible to transmit averaged NaxNr reception 
quality P(j, k) values as shown in (Equation 16) below 
to reduce feedback information. Furthermore, instead of 
transmitting the averaged value, it is also possible to 
transmit a median value or maximum value of NaxNr reception 
quality P ( j , k) values. 

i Na Nr 

P *=lJir^?< PU > k) [Equation 16] 

[0086] Space multiplexing adaptability detection 

section 302 of base station apparatus 300 then extracts 
feedback information including channel estimation value 
h ( j , k) and reception quality P ( j , k) from the received 
signal from mobile station apparatus 350. Then, 
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transmission format setting section 110 decomposes 
channel matrix H which expresses channel estimation value 
h (j, k) in matrix as shown in (Equation 7) into singular 
values. The right singular value vectors corresponding 
to M singular values A, in descending order are designated 
as transmission weights (transmission weight vectors) 
at base station apparatus 300 and the left singular value 
vectors corresponding to singular values A, is designated 
as reception weight (reception weight vector) at mobile 
station apparatus 350 . This allows Nm space multiplexing 
transmission to be performed. Here, it is also possible 
to carry out adaptive transmission power control by 
applying a water pouring theorem to calculated singular 
values A j . The above described operation is carried out 
for each of the subcarriers . The reception weight 
obtained is reported to mobile station apparatus 350 
(S3500). Steps S1500 to S1700 explained in Embodiment 
1 are then executed. 

[0087] in the above described operation, after base 
station apparatus 300 transits to the space multiplexing 
mode, it is also possible to detect space multiplexing 
adaptability based on the magnitudes of singular values 
obtained through singular value decomposition of channel 
matrix H. 

[0088] Furthermore, when no transmission beam is formed 
using eigenvectors, that is, when BLAST type space 
multiplexing in which data sequences differing from one 
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antenna to another are transmitted is used, the channel 
estimation result and reception quality calculation 
result need not be fed back. In this case, mobile station 
apparatus 350 carries out reception processing on 
dedicated user channels to be multiplexed based on the 
channel estimation result and reception quality 
calculation result. 

[0089] Thus, according to this embodiment, base station 
apparatus 300 detects space multiplexing adaptability 
for each of the divided bands based on feedback information 
from mobile station apparatus 350, and therefore a radio 
communication system based on an FDD scheme can also 
realize operations and effects similar to those of 
Embodiment 1 . 

[0090] Note that the detection of space multiplexing 
adaptability for each of the divided bands at base station 
apparatus 300 based on feedback information from mobile 
station apparatus 350 is also applicable to a radio 
communication system based on a TDD scheme. 
[0091] Furthermore, this embodiment explained a case 
where the radio communication apparatus of the present 
invention is applied to base station apparatus 300 and 
explained the setting of a transmission format on the 
downlink, but it is also possible to set a transmission 
format on the uplink by applying the radio communication 
apparatus of the present invention to mobile station 
apparatus 350. 
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[0092] Furthermore, as explained in Embodiment 1 using 
(Equation 13) , this embodiment can also use a technique 
of calculating a correlation matrix without using pilot 
signals . 

[0093] (Embodiment 4) 

FIG. 9 is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 4 
of the present invention. The base station apparatus 
according to this embodiment has the basic configuration 
similar to that of base station apparatus 100 explained 
in Embodiment 1 and the same components are assigned the 
ame reference numerals and explanations thereof will 
be omitted. Furthermore, this embodiment will explain 
a radio communication system using an MC-CDMA scheme with 
which each subcarrier signal are directly spread in a 
time-axis direction. 

[0094] Base s tat ion apparatus 400 shown in FIG . 9 inc ludes 
space multiplexing adaptability detection section 402 
instead of space multiplexing adaptability detection 
section 108 explained in Embodiment 1. 

[0095] A feature of the base station apparatus of this 
embodiment is to detect path timings using pilot signals 
embedded in their respective subcarrier signals from a 
mobile station apparatus and calculate a correlation 
value to be used for space multiplexing adaptability for 
each of the path timings detected. 
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[0096] Space multiplexing adaptability detection 
section 402 detects space multiplexing adaptability for 
each of Nd divided bands DB-1 to DB-Nd obtained by dividing 
the communication band to which Ns subcarrier signals 
fl-k to fNs-k belong into Nd port ions and outputs detection 
results #1 to #Nd to transmission format setting section 
110 . 

[0097] Here, the internal configuration of space 
multiplexing adaptability detection section 402 will be 
explainedusingFIG.10. Space mult iplexing adaptability 
detection section 402 includes Nd divided band processing 
sections 403-1 to 403-Nd corresponding to divided bands 
DB-m. FIG. 10 only shows the conf igur at ion of divided band 
processing section 403-1 which processes divided band 
DB-1 for convenience of explanation. The configurations 
of the remaining divided band processing sections 403-2 
to 403-Nd are similar to the configuration of divided 
band processing section 403-1 and explanations thereof 
will be omitted. FIG. 10 shows a case where the number 
of subcarrier signals which belong to one divided band 
is 2 as an example and subcarrier signals f i-k, f 2 -k belong 
to divided band DB-1. 

[0098] Divided band processing section 403-m includes 
path search section 404-n that detects timings of Ln 
arriving paths for each of the subcarrier signals using 
a pilot signal which is a known signal embedded in 
subcarrier signals f n(m) -k. replica generation sections 
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406-n-l to 406-n-Ln that generate replicas of the pilot 
signals, correlation calculation sections 408-n-k-l to 
408-n-k-Ln that calculate correlation values between 
reception pilot symbols which are included in subcarrier 
signals f„ (m ,-k, and the generated replica, correlation 
matrix generation section 410 that generates a 
correlation matrix based on the calculated correlation 
value, and adaptability evaluation function calculation 
section 412 that calculates an adaptability evaluation 
function for evaluating adaptability to space 
multiplexing transmission based on the generated 
correlation matrix . 

[0099] Note that divided band processing section 403-m 
need not use all subcarrier signals f„ (m) -k which belong 
to divided band DB-m as in the case of divided band 
processing section 156-m. For example, it is also 
possible to puncture some of subcarrier signals f n (m>-k 
and then carry out processing on divided band DB-m. When 
a subcarrier signal is punctured, it is difficult to 
improve the detection accuracy of adaptability to space 
multiplexing transmission, but it is possible to obtain 
an effect of reducing the amount of processing 
calculation . 

[0100] Path search section 404-n creates a delay profile 
using apilot signal embedded in subcarrier signals f nt m)-k 
and detects path timings using the delay profile created. 
Correlation value h nk ( tj ) at j th path timing tj 
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responding to nth subcarrier signal f„-k received at 
kth antenna 102-k is expressed in (Equation 17) below. 
Here, suppose a pilot signal is expressed with r(s). 

h nk (t J ) = f i f n - k (t J +No-(s-l))r'(s) [Equation 17] 

[0101] The delay profile is generated using (1) a method 
of combining absolute values or squares of correlation 
value h nk ( tj ) of the same timing, (2) a method of generating 
a plurality of delay profiles by multiplying correlation 
values hn^tj) of the same timing by weights for forming 
directional beams, summing up the multiplication results 
and acquiring an absolute value or square thereof, or 
(3) a method of combining them. Furthermore, it is 
possible to suppress a noise component by averaging the 
delay profile over a plurality of frames. 
[0102] Correlation matrix generation section 410 
generates correlation matrix R shown in (Equation 19) 
using correlation vector Vn shown in (Equation 18) based 
on calculated correlation value h nk (tj). 

V n (tj) = [*... (',) KAtjy-K^it^f [Equation 18] 



R=— —£ 2V n (',)M'y) [Equation 19] 



[0103] Adaptability evaluation function calculation 
section 412 applies an eigenvalue expansion to generated 
Nation matrix R as in the case of adaptability 



corre. 
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evaluation function calculation section 190 explained 
in Embodiment 1 and obtains Na eigenvalues A k . 
Furthermore, calculated eigenvalues A k are sorted in 
descending order and assigned subscripts are assigned 
from the maximum one. Adaptability evaluation function 
values A and B shown in (Equation 5) and (Equation 6) 
are generated and these are output as detection result 
#m. 

[0104] Thus, this embodiment detects path timings using 
a pilot signal embedded in each subcarrier signal from 
mobile station apparatus 150, calculates a correlation 
value to be used to detect space multiplexing adaptability 
for each of the detected path timings, and therefore, 
it is possible to detect adaptability for each of the 
divided bands including multipath signals arriving at 
base station apparatus 400 and improve the detection 
accuracy by a path diversity effect. 

[0105] Note that correlation matrix generation section 
410 may also generate correlation vector z shown in 

( Equation 2 0 ) below instead of correlation matrix R shown 
in (Equation 19) above. In this case, adaptability 
evaluation function calculation section 412 calculates 
adaptability evaluation function value A(z) shown in 

(Equation 21) below instead of adaptability evaluation 
function value A shown in (Equation 18) above and 
calculates adaptability evaluation function value B(z) 
shown in (Equation 22) below instead of adaptability 
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evaluation function value B shown in (Equation 19) above. 



Nc Ln 



Z = 



NcLn 



£ £^.i('y)^('y) [Equation 20] 



n=l y=l 



A(z) = 



Z 



[Equation 21 ] 



Nc Ln Np 



2££i/-i(^o+^-i)yw-*... i 2 



5(z) = 




[Equation 22] 



[0106] That is, an SNR (=S/N) is evaluated using pilot 
signal r(s) transmitted from mobile station apparatus 
150 first. In this evaluation, adaptability evaluation 
function value A shown in (Equation 21) is used. Here, 
z k denotes the kth element in correlation vector z shown 
in (Equation 20). Next, the correlation between the 
signals received at antennas 102-1 to 102-Na is evaluated 
using correlation vector z by calculating adaptability 
evaluation function value B(z) shown in (Equation 22) . 
[0107] Furthermore, this embodiment explained a case 
where the radio communication apparatus of the present 
invention is applied to base station apparatus 400 and 
explained the setting of a transmission format on the 
downlink, but it is also possible to set a transmission 
format on the uplink by applying the radio communication 
apparatus of the present invention to the mobile station 
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apparatus side. 

[0108] Furthermore, in this embodiment, it is also 
possible to apply a technique of calculating a correlation 
matrix without using any pilot signals as explained in 
Embodiment 1 using (Equation 13). 

[0109] (Embodiment 5) 

FIG. 11 is a block diagram showing the configuration 
of a base station apparatus according to Embodiment 5 
of the present invention. The base station apparatus 
according to this embodiment has the basic configuration 
similar to that of base station apparatus 100 explained 
in Embodiment 1 and the same components are assigned the 
same reference numerals and explanations thereof will 
be omitted. Furthermore, this embodiment will explain 
a radio communication system using a multicarrier scheme 
under which code division multiplexing is carried out 
for a plurality of users through spreading in the frequency 
axis direction. 

[0110] Base station apparatus 500 shown in FIG. 11 
includes divided band changing section 502 in addition 
to the components of base station apparatus 100 explained 
in Embodiment 1 . 

[0111] A feature of the base station apparatus of this 
embodiment is to change the bandwidths of the divided 
bands according to a spreading factor for a user channel 
subjected to code division multiplexing. 
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[0112] Divided band changing section 502 changes the 
bandwidths of the divided band according to a spreading 
factor of a user channel subjected to code division 
multiplexing . 

That is, when the qth user channel is spread in the 
frequency axis direction with spreading code sequence 
Sq(s) of spreading factor SF(q) (that is, when a 
transmission data sequence is spread using SF(q) 
subcarrier signals) , a group of subcarrier signals used 
in the spreading processing is considered as one divided 
band. Thus, since the bandwidth of a divided band is 
changed according to spreading factor SF(q) , the number 
of the divided bands Nd(q) in the communication band is 
variable . 

[0113] Here, the relationship between the divided bands 
and subcarrier signals is as shown in FIG. 12. The Ns 
subcarrier signals on the frequency axis are divided into 
Nd(q) divided bands according to spreading factors SF(q) 
of user channels. Nc=SF(q) subcarrier signals exist in 
each divided band. Though similar operations and effects 
can also be obtained even when the number of subcarrier 
signals in each divided band is assumed to be wxSF(q) 
(w: natural number) , this embodiment will be explained 
assuming w=l. 

[0114] Furthermore, divided band changing section 502 
assigns divided bands DB-m whose bandwidths have been 
changed (m = 1 toNd(q) in this embodiment ) toNd(q) divided 
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band processing sections 156-m in space multiplexing 
adaptability detection section 108. 

[0115] Thus, this embodiment changes the bandwidth 
(number of subcarrier signals ) of a divided band according 
to the spreading factor of users to a plurality of user 
channels that are code division multiplexed in the 
frequency axis direction, and therefore it is possible 
to detect space multiplexing adaptability for each 
channel to be spread and transmitted. 

[0116] The feature of base station apparatus 500 
explained in this embodiment . may also be applied to base 
station apparatus 200 explained in Embodiment 2. Since 
base station apparatus 200 sets a transmission format 
for each of the divided bands, applying the feature of 
this embodiment makes it possible to set an optimum 
transmission format for each of the channels to be spread 
and transmitted and carry out optimum space multiplexing 
transmission for each channel. In this case, when the 
mobile station apparatus receives space multiplexed data , 
it is possible to perform reception processing in units 
of spreading symbols (or an integer multiple thereof) . 
[0117] Furthermore, the feature of base station 
apparatus 500 explained in this embodiment may also be 
applied to base station apparatus 300 explained in 
Embodiment 3. In this case, operations and effects 
similar to those described above can be realized. 
[0118] Furthermore, this embodiment explained the 
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transmission scheme in which a multicarrier signal is 
spread in the frequency axis direction as an example but 
the present invention is also applicable to a transmission 
scheme in which a multicarrier signal is spread in both 
the frequency axis and time axis directions. Under such 
a transmission scheme, spreading factor SF(q) of the qth 
user can be expressed asas the product of spreading factor 
SFf(q) in the frequency axis direction and spreading 
factor SF t (q) in the time axis direction as shown in 
(Equation 23) . For this reason, when this transmission 
scheme is applied to base station apparatus 500, similar 
operations and effects can be realized by changing the 
bandwidths of the divided bands based on spreading factor 
SF+(q) in the frequency axis direction. 

SF(q)=SF f (q)xSFt(q) ... (Equation 2 3 ) 

[0119] Furthermore, in this embodiment, it is also 
possible to use a technique of calculating a correlation 
matrix without using any pilot signal as explained in 
Embodiment 1 using (Equation 13) . 
[0120] 

The present application is based on Japanese Patent 
Application No . 2 0 0 3 - 2 8 0 5 5 7 filed on July 28, 2003, and 
Japanese Patent Appl icat ion No .2004-213588 filed on July 
21, 2004, the entire contents of which are expressly 
incorporated by reference herein. 



50 



Industrial Applicability 

[0121] The radio communication apparatus and radio 
communication method according to the present invention 
have the effect of alleviating a burden in setting a 
transmission format and suppressing increases in the 
scale of the apparatus , and is suitable for use in a digital 
radio communication system using a multicarrier scheme. 
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